INTRODUCTION

P
harmacy departments in hospitals continue to be pressured to increase both productivity and patient safety with limited resources. Utilizing technology and ensuring full scope of practice for pharmacy technicians will help to meet these objectives. One area of the pharmacy distribution process that has remained largely manual is replenishment of medication trays for both the operating room (OR) and resuscitation carts. This fully manual process is time-consuming and prone to human error that can result in harm to patients and increased costs of care. [1] [2] [3] Previous studies have shown that errors related to drug administration are particularly troublesome in the OR, where the consequences can be devastating for the patient. 4 North York General Hospital is a 420-bed community academic hospital providing a full range of clinical services in Toronto, Ontario. More than 31 400 inpatient and outpatient surgeries are performed at the hospital annually, with 110 000 visits to the emergency department and 5800 obstetric deliveries.
At the time this study was undertaken, the hospital had a select group of registered pharmacy technicians who were trained and certified to manage medication tray inventory and replenishment for the OR and resuscitation carts. Each tray was prepared and checked by a registered pharmacy technician, who used the following steps to ensure accuracy in the stocked medications: (1) perform visual check to identify used or open medications and to ensure that each medication was in the proper pocket location in the tray; (2) check par levels to ensure that the correct quantity of each drug was present; (3) check expiry dates of products; (4) replenish the tray with unopened, non-expired and correct medications; (5) conduct final verification; and (6) complete documentation. Medication tray maintenance was a time-consuming, tedious task and involved the processing of 20 to 30 trays by one technician each day. The requirement that only select pharmacy technicians, with appropriate certification, could perform the task limited staffing flexibility and responsiveness in the event of an urgent tray request.
Only the resuscitation trays were double-checked by another technician; OR trays were not independently double-checked by a different technician. In any manual replenishment process, human error remains a factor, even with a rigorous certification process in place and even if the most experienced of technicians perform the task. If errors are not caught before the trays leave the pharmacy, they might be identified by other health care professionals, but they might also go undetected. Incomplete or incorrect trays can potentially result in serious consequences for patients. Recognizing that tray errors are not acceptable in the provision of quality patient care, the hospital began to explore an automated solution to eliminate such risks without additional staffing.
The hospital implemented bar codes for medication administration at the bedside in 2010, and all items dispensed by the pharmacy now have a bar code. Therefore, utilization of this technology was reviewed as a first potential option for automation of tray management. From a workflow perspective, it was determined that the use of bar-code scanning would not be effective for replenishing and checking medication trays, because each bar code must be individually scanned to ensure that the correct product has been dispensed. Medication trays may contain more than 100 items, and scanning would be tedious and time-consuming. In addition, most bar codes do not include the lot number and expiry date, so this critical information would still require manual checking by a technician.
Given these limitations of bar codes, the use of radio frequency identification (RFID) technology was considered next. An RFID system uses tags that can be encoded with electronically stored information, such as drug name, lot number, and expiry date; each tag can then be affixed to the appropriate medication container. The RFID tag is small and does not interfere with visibility of the vendor label on the drug container. All RFIDtagged items in a medication trays can be scanned at one time, which can significantly reduce the time required to confirm accuracy of replenishment.
In October 2014, the hospital deployed the Intelliguard Kit and Tray Management System (MEPS Real-Time, Inc, Carlsbad, California) as an automated solution for tray replenishment. This system uses RFID technology that is suitable for medication tray replenishment. It allows customization of trays, such that multiple tray types can be prepared and checked, with each tray type containing different medications in different quantities. For example, OR trays and resuscitation trays must hold completely different items in different quantities. Once an RFID tag has been affixed to each medication item, it is encoded with the drug name, lot number, and expiry date. An entire lot of medication can be encoded at the same time and can then be used for restocking any type of medication tray. The system scans and compares the medications placed in the tray with the corresponding tray type, and then determines whether items, quantities, and expiry dates are accurate before the tray is approved for use.
At the study hospital, the affixing and encoding of RFID tags is performed by the "bar-coding" pharmacy technician, who was originally dedicated to affixing bar codes on medication containers for scanning and administration at the bedside. The existing bar-coding position absorbed the workload associated with RFID tagging and encoding, with no additional staff required. The increased efficiency enabled by use of the RFID technology has eliminated the tedious manual tray-checking process, allowing technicians to focus on other value-added professional activities.
The hospital and its satellite pharmacy at another site converted 7 medication tray types, accounting for a total of more than 150 OR and resuscitation trays (Table 1) to the automated RFID system.
The primary goal of implementing the RFID system was to process medication trays safely and accurately. An added benefit of what was primarily intended as a patient safety initiative was a saving in the time required for tray replenishment.
In November 2014 (1 month after implementation), the vendor and the hospital conducted a quality improvement study to validate the impact of the automated RFID system, relative to manual replenishment, on both accuracy of tray management and time required.
METHODS
Study Design
The study was designed to collect data on inventory accuracy and time for tray replenishment. Inventory accuracy was measured upon completion of tray replenishment by each technician, either manually or with the automated process. The time required to perform the restocking tasks, from start to finish, was also recorded.
Four pharmacy technicians participated in the study. Each participant was asked to restock 4 different tray types. Errors were planted in each tray by the vendor employee, without the technician's knowledge, before replenishment was performed. Each participant was informed that errors had been planted in the trays but not the exact number or type of errors. The tray types used in the study (both medium and extra-large sizes) are listed in Table 2 . The total number of study tray runs under each system was 16 (4 technicians × 4 trays). Table 3 shows the error types planted and their coding. Table  4 lists, for each tray type, the drug(s) planted in error, along with the error types. For each tray type, identical errors were planted for all 4 technicians and for both the manual and automated runs.
Manual Replenishment Workflow
Each pharmacy technician first restocked each of the 4 tray types using the standard manual process. The technicians used the 6 established steps for manual verification, as outlined in the Introduction. After each technician had completed manual replenishment for the 4 tray types, a vendor employee recorded the errors missed by the technician (if any) and the time required for each tray, and then reset all of the tray errors for the next technician.
Automated Workflow
Each pharmacy technician was then asked to restock each of the 4 tray types using the automated system, according to the following 5 steps: (1) perform visual check to identify used or open medications and to ensure that each medication was in the proper pocket location in the tray; (2) scan tray to automatically compare medication inventory against tray specifications; 
RESULTS
Accuracy
For 2 of the 4 participants, errors remained in some trays after manual replenishment and approval (Table 5) . Among the 16 manual study tray runs, a total of 6 trays were approved with errors remaining. The number of errors remaining per tray ranged from 1 to 8 items.
With the automated system, errors were completely eliminated for all 16 study tray runs; no errors remained in any of the trays approved by the 4 technicians with automated RFID-based replenishment.
Restocking Time
In all but 2 cases (both involving the same technician), a time saving was observed when trays were replenished with the automated process (Table 6 ). For 11 of the 16 study runs, the time saved ranged from about 2 to about 14 min; for 3 runs, less than a minute was saved, and for 2 runs, replenishment took longer with the automated process. The average time saved per run was 4.4 min, for a total of 70 min overall.
Other Observations
As an additional study observation, the pharmacy technicians who processed the trays most quickly using the manual method also had the highest error rates. One participant took slightly more time to process 2 of the trays using the automated system, with marked quality improvement (all errors were found and corrected).
DISCUSSION
This study confirmed that the manual checking method allows for the possibility of human error, whereby an expired, used, or incorrect medication will be left in a tray, with the (2) isoproterenol 0.2 mg/mL magnesium sulfate 500 mg/mL metoprolol 1 mg naloxone 0.4 mg/mL Anesthesia OR (138 items) propofol 10 mg/mL (2) labetalol 5 mg/mL None ceFAZolin 1 g rocuronium 10 mg/mL neostigmine succinylcholine sodium chloride 0.9% rocuronium 10 mg/mL 10 mL (4) sterile water esmolol succinylcholine dexamethasone ceFAZolin 1 g (2) atropine dimenhyDRINATE nitroglycerin spray 50 mg (2) ePHEDrine 50 mg (2) ketorolac 10 mg (5) lidocaine 2% 20 mL (1) ondansetron 2 mg (5) *Numbers in parentheses indicate multiple errors in the same tray involving the same medication.
potential for a medication error to reach the patient.
In contrast, the automated RFID-based system was associated with 100% accuracy. Automation eliminated human error, as well as the distraction and fatigue often observed with manual replenishment and checking; the automated system does not permit the operator to miss or skip any steps in the process. Given the number of trays replenished annually at the hospital (8073), and using the lowest percentage of tray errors missed with the manual method by the pharmacy technician who had the highest overall number of errors missed (pharmacy technician 2: 21%), it was extrapolated that a minimum of 1695 tray errors would be eradicated with the automated system. Detected: 5 (100) Detected: 5 (100) Detected: 11 (100) Detected: 34 (100) EX = expired medication, MI = medication missing from tray, OP = container opened or used, OV = overage, PT = pharmacy technician. *For planted errors that were missed by the pharmacy technician, the specific errors and their types (EX, MI, OP, or OV) are also presented. See Table 4 for the complete list of planted errors. Another advantage of the automated system was the saving of staff time. The study showed that an average of 4.4 min was saved for each tray processed. The estimated number of trays processed at the hospital annually is 8073 (Table 7) ; therefore, the expected time saving is about 592 h, nearly one-third of a full-time employee's total annual work hours. This time saving allowed the pharmacy to expand other services to the OR to enhance patient care.
Additional benefits of the automated system not specifically investigated in this study but observed by hospital staff after implementation include the ability to track the location of medications in the event of a recall. Specifically, a report within the system allows users to review the specific trays in which a recalled medication is located. The system's virtual logbook records the deployment location of each tray throughout the hospital, such that staff are no longer required to search for and manually check each tray to recover recalled items.
The system also has a consumption report that gives managers the ability to track medication usage, to support decreased stocking or elimination of medications that are infrequently or never used, or increased par levels for medications that are used more frequently. This report also allows for "right sizing" of tray inventory, which reduces waste and drug costs.
Inventory reports generated by the system provide pharmacy technicians with quick and accurate monthly inventory checks for soon-to-expire medications. The system also tracks medication expiration dates. Staff can scan an entire medication bin within the system to determine which expiring medication(s) should be removed or rotated to the front of the bin.
From the perspective of staff members, the workstations are ergonomically designed to maximize productivity. The user interface is intuitive and easy-to-use, which facilitates training of new staff.
SIGNIFICANCE FOR PRACTICE
Medication trays are an important component of a medication distribution system. They are useful for clinicians in the OR and on nursing units, where they are used on the resuscitation cart for emergency treatment. However, medication trays represent one of the few aspects of the pharmacy distribution system that has not benefited from investments in automation. Historically, tray replenishment has been a tedious manual process, prone to errors in terms of both products stocked and the management of expired products. The introduction of RFID technology has had a significant impact on both the accuracy of and time required for preparation of these products at North York General Hospital. The hospital identified 2 companies in the marketplace that could provide an RFID solution to this patient safety concern. The chosen system had 2 main advantages: first, the RFID tags were small and did not interfere with product labelling and clinician workflow when the trays were in use, and second, encoding of the RFID tags occurred after the tags were attached to the product, which eliminated the chance of tagging and coding errors and also allowed for much easier workflow to manage product segregation.
The vendor supported the implementation process by tagging all existing tray medications and having a representative on site for 2 weeks during the implementation. The only additional staffing required during implementation was a part-time technician to confirm and approve the work done by the vendor's staff. Although saving time was not an objective of implementing the system, the study indicated an annual time saving of about one-third of a full-time technician. 
